may remove moisture from the land and only reprecipitate it under favorable conditions, and then only in insignificant amounts, may contribute largely to the lack of appreciable precipitation in the Great Plains in autumn. At this season the general movement of air masses ordinarily becomes somewhat accelerated and the Great Plains becomes invaded more frequently by the large Pc masses and thus conditions become more unfavorable for apprecisble precipitation. Also, the more definite movement of the PM and PP air contribute more toward the "Chinook" effect, thus again reducing the chances for significant precipitation. It also appears that definite invasion of the region by an active air mass, probably from the Southwest or Northwest is necessary to substantial rainfall, and only in this event would the daily amounts be of sufficient magnitude to increase the seasonal totals to an entirely different class frequency. Numerous studies of the hourly distribution of precipitation have been made during the past quarter of a century, but since all such studies are more or less low1 in character, it has been deenied worth while to make a similar investigation of the Oklahoma City data. Material of this kind is of value in determining rainfall insurance rates, in making local weather forecasts, in planning outdoor activities, and as a contribution to climatology.
The records for the years 1911 to 1935, inclusive, embracing a period of 25 years, were used. The data for each month, consisting of the hourly amounts and the beginning and ending of each period of precipitation, were entered on a suitable form, after which the totals and averages were obtained. All averages used in this study are for the entlre 25-year periods; in cases where there was a break in the record of hourly precipitation, as often occurred during the winter months when there was no automatic record, it was deemed pemsslble to interpolate the hourly amounts.
A bibliography of easily accessible papers on similar investigations is appended.
AVERAGE HOURLY AMOUNTS OF PRECIPITATION
The average hourly amounts of precipitation for each of the 24 hours are given in Table 1 for the months and for the year. The average hourly amounts for the daytime (7 a. m. to 7 p. m.) and nighttime (7 p. m. to 7 a. m.) periods are given m the table also.
The data reveal the existence of a distinct diurnal period in the average hourly amounts of precipitation occurring at Oklahoma City, especially during the spring, summer, and autumn months. This characteristic begins to be apparent in March and continues throughout the summer season and into November. With the exceptions of May and July, there is a well-defined maximum period beginning just after midnight and extending until about 7 a. m.; the greatest average hourly amounts for April, June, August, and September occur between 1 a. m. and 3 a. m. There is also a well-defined secondary maximum in the late afternoon and early evening hours during the summer months.
The greatest average precipitation for any hour of the year is 0.35 inch between 1 a. m. and 2 a. m., in June; the least, 0.02 inch between 3 p. m. and 4 p. m., is also in June.
It is interesting to compare the average hourly amounts that occur during the daytime with those occurring during the nighttime for a station such as Oklahoma City which may be considered to typify the conditions prevaihng over a considerable area in the Great Plains region. There are no marked differences between the average amounts of daytime and nighttime precipitation a t Oklahoma City during the winter season; they are practically the same for the months of November, December, and January; February, however, shows a slightly greater average for the ni httinie. During the warm summer months (June, J J y , and August) from one and one-half to two times as much precipitation occurs during the nighttime than during the daytime. In the spring and autumn months the average amounts are almost exactly divided between daytime and nighttmie. Of the 12 months, October, alone, shows a greater average hourly precipitation for the daytime.
As pointed out by Kincer it is a fortunate provision of nature that an qxcess of the total precipitation of the central Great Plams region occurs d m the nighttime when it may be more economically utgzed by growing plants. It 18 well known that evaporation takes plFce much more rapidly during the daytime when excessive heat and high winds dry the soil very rapidly and vitiate any benefit that might accrue from light showers. Light showers in the daytime followed imniediately by very high temperatures may even be distinctly harmful to tender vegetation. On the .other hand, nighttime precipitation may be more economcall uthzed by growing plants, and distribution of rainfall to the nighttime hours is doubtless of considerable value t? farmers in this region, since a light seasonal precipitation, if properly distributed, may be sufficient to produce a fair crop.
There is no doubt that the diurnal variation in the amounts of precipitation is ultimately connected with the distribution of thunderstorms, which, in turn, is associated with chan es in temperature and pressure. The determining the daily variations in precipitation during the warm months in middle latitudes. The more or less even distribution of precipitation throughout the day and night during the winter months is characteristic of a wide area in the central portion of the United States, and is due to the small number of thunderstorms experienced during that season. Most precipitation in this area during the winter months is the result of general cyclonic storms and, consequently, e-shibits no distinct diurnal period.
the benefits are of a more K asting nature. The trend of the distribution of t E understorms is the controlling factor in
THE DURATION O F PRECIPITATION
Comparatively little research has been done on the problem of the duration of precipitation in the United States. Therefore, it was deemed worth while to compile such data for Oklahoma City for the period 1911-35, inclusive. Note. was made of the time of b e g e i n g and ending of each period of precipitation and all mtervals between showers were eliminated from the computations.
In cases where the e7act time of beginnings and endings was not $own the tunes were approL5mated; most cases of this land occurred at night, and were more frequent prior to 1928, when the inception of the airway service at Oklahoma City macle it possible to check more closely the beginnings and endings of showers.
In the study of the duration of precipitation it seems desirable to disregard the intensity, and to consider hours with traces along with those having measurable amounts. Whenever the duration is computed with reference to selected hourly amounts of light intensity, serious error may result, sit1c.e nisny hours credited with measurable amounts will simply represent the cumulative totals of previous hours.
The average annual duration of precipitation in Oklahoma City for the period 1911-35, inclusive, is 562.8 hours, or 6 percent of the total possible time. Of the total, 276.3 hours occur during the daytime (7 a. m. to 7 p. ni.), and 286.5, or slightly more than half, occur a t night.
The period of greatest monthly total duration bsgins with the late autumn months, extends through the winter, and ends in May. January and December, with averages of 67.5 and 66.2 hours, respectively, have conside,rrbbly grectte,r total duration than any other months of the year. I t is also very noticeable thnt the daytime and nighttime durations for the period beginning with October and e,nding with May are almost equal, but slightly greater for the daytime in all exept March and h1a.y. The duration of precipitation is much shorter during the siimnier months; it is about one-half or one-third as great as in the months of greatest duration. July, with an average of 19.9 hours, has, the least total duration-of any month. It should be noted that the nighttime is greater than the daytime duration during the months of May to September, inclusive. This difference is greatest in June, when, on an average, 59 percent of the rainfall hours occurs between 7 p. m. and 7 a. m.
Comparisons between the various months of the duration of precipitation may be more accurately made when percentages of the total possible time are used, thus eliminating discrepancies due to the unequal lengths of the months. These percentages for Oklahoma City are as follows: January, 9; February, 8; March, 8; April, 7; May, 6 ; June, 4; July, 3; August, 4 ; September, 5; October, 6 ; November, 8; and.December, 9. Taking the year as s whole, precipitation m some form is falling 6 percent of the time.
MAT 1938
The average duration for each hour of each month is given in table 2. Data for selected months, as well as the annual averages, are given in graphic form in figure 2. The maximum average duration, for the ear as a whole, occurs between 2 p. m. and 3 p. m. There is a gradual increase in the average duration from midnight to 8 a. m. ; thereafter a more rapid change takes place with the duration decreasing untd 3 p. m. Probably the most outstanding feature exhibited by the data m table 2 is the persistency of the maximum in occurring between the hours of 5 a. m. and 10 a. m. throughout the year. In this respect the seasonal variations differ little from the annual. While there are no secondary maxima or m h h a of importance, there is a slight tendency for an increase in the average duration durin the hours between sunset and about 11 p. m. from Apnfto August, inclusive. occurs in the hour ending at 8 a. m., wh' i e the minimum The greatest hourly duration in any month oc.curs in January between 8 a. m. and 9 a. m., when it averages 3 hours and 26 minutes. Several other hours between 5 a. m. and 10 a. m. in January also have a large average duration. The least duration in any month occurs in July between midnight and 1 a. m. when it averages only 30 minutes.
FREQUENCY AND INTENSITY O F PRECIPITATION
In studying the frequency of preci itahon it is desirable istics of the data under consideration. Most important of these is the fact that the hourly entries of precipitation really represent random samples, since the 24 hours of the day are arbitrwdy taken as the limits of the hourly to recognize the existence of severa P inherent characterperiods. The irregular distribution of preci itation throughout the day and night results in much over P apping from one hour into the next; thus, a shower of only a few minutes duration may extend from the latter part of one into the early part of the following hour, and result in 2 hours record of precipitation. Also, a compilation of this kind involves such a large mass of data, with so many subdivisions, thn, t special graphical methods are necessary to present the facts properly. Table 3 shows the frequency of occurrence of hours with a trace or more, expressed as a percentage of the number of times that the particular hour occurs in the month. As would be expected, the greatest hourly frequency occurs during the period November to March, inclusive, when precipitation is recorded during about 10 percent of both the daytime and nighttime hours. The frequency distribution is fairly uniform throughout the 24-hours during the colder months of the year, but, in general, there seems to be a slightly greater frequency during the daytime.
The maximum hourly frequency occurs in the early morning hours in all months of the year; generally between 5 a. m. and 10 a. m. from September to April, inclusive, and from 6 a. m. to 8 a. m. from May to August, inclusive.
July, with an average frequency of 4 percent of the possible hours with rain, has the least frequency of any month in the year. The hour between midnight and 1 a. m., when 2 percent of the total hours have rain, has the least frequency of any hour during the year.
The following discussion of rainfall frequencies and intensities is based to a great extent upon the plan used by McDonald.a It was thought desirable to use the same intensity groups and the same graphical methods for Oklahoma City, in order that the precipitation data for the two cities might be compared.
In order to provide a means of comparison between the various intensity frequencies, the hourly totals were arranged into a table of frequencies under the following headings: Trace; 0.01 to 0.04; 0.05 to 0.09; 0.10 to 0.19; 0.20 to 0.39; 0.40 to 0.79; 0.80 to 1.49; and 1.50 inches and over. It will be noticed that the groups increase in approximate geometric ratio.
In table 4 all hours m t h precipitation during the period 1911 to 1935, inclusive, have been referred to their respective intensity groups. In the first column are given the total hours with precipitation during the 25-year period together with the partial totals for daytime and nighttime Reference to this table shows that hours with only a trace are greater during the daytime (7 a. m. to-7. Pam.) in all months of the year, the excess over the mghttime hours being greatest during the period December to April, inclusive. On the other hand, there seems to be a welldefined tendency for the gr!ater rainfall intensities to occur more frequently dunng the nighttime during April, June, July, August, and September. D m g other mont,hs, however, the distribution of hours with measureable rainfall seems to be largely fortuitous. Table 5 is based upon table 4, and shows the relative frequency of the various groups as compared with the total rainy hours in each month. The smaller values represent the higher frequencies, since each figure indicates the average number. of samples that would be necessary, as a rule, to obtam one example of the desired intensity. In other words, during the month of February, 1 hour in 3 with precipitation has had an intensity varying from 0.01 to 0.04 inch.
Although there is a wide range in the total number of hours with precipitation in the lower intensity groups, In order to present graphically the data contained in table 5 it was thought desirable to construct figure 3, which represents the frequency distribution of the various intensity groups. Ordinary curves are inadequate to show the relationships existing among large groups of data of this nature, so it was found necessa to plot the straight-line relationship by tbis method is, as a rule, evidence of an underlying causative factor affecting the entire series. The data for the various months were arranged into groups representing the winter and summer seasons, while the intermehate months were considered separately. The winter season embraces the months of December to February, inclusive, the summer season, April to October, inclusive, while March and November, being transitional in character, were treated separately.
It is notable that the lines on the graph representing the three lowest intensity groups practically coincide for all seasons of the year. Beginning with the 0.05 to 0.09 inch group, however, there is a wide divergence in the lines representing the seasons.
The data for the summer season, especially, group themselves into a stkaight-line relationship, whch IS indicative of a single underlying causative factor (convection). The lowest intensity group totals, which, of course, have the greatest frequencies, form the first division of the graph; that is, they include those rainy hours during the summer season which are due to a combination of several causes. Starting with the fourth group, however, there is a continuous straight-line relationship that may be explained only by the fact that practically all summer-time rains of these higher intensities are due to thunderstorm activity.
The frequency distribution of various hourly amounts for the winter season does not show the close internal relationship manifested by the summer season. The hourly intensities are much lighter than during the summer, since thunderstorm activity is at a minimum. During the months of December to February, inclusive, there is a more pronounced tendency for the straight-line relationship to persist through the 0.10 to 0.19 inch group than in the summer season. This tendency is due to the fact that converging winds and the elevation of masses of air are responsible for a greater percentage of the hours with precipitation during the winter season, and, further, that these causal factors produce greater hourly intensities during the cooler portion of the year.
The months of March and November, being transitional in character, have been treated separately on the graph. Several causative factors are a t work producing the precipitation that occurs during these months. It will be noted that the data for March assume a well-defined straight-line relationship, but it is thought that this result is more or less fortuitous, since convection, convergence, contact cooling, etc., are all active a t that time of the year in Oklahoma City and produce a more or less haphazard precipitation pattern. 
